Summary. Gn-RH (3 \g=m\g/hr for 8 hr) evoked a surge of LH in ewes during the anoestrous season which was of similar peak height to that found at oestrus but of shorter duration. When Gn-RH was given on 3 consecutive days, the response was considerably reduced on the 2nd and 3rd day. Follicles grew as a result of Gn-RH infusion but peripheral plasma oestrogen concentration did not increase. During the anoestrous season 9/18 ewes ovulated but only 1/6 did so at mid-anoestrus, Mature follicles or a CL were found in 15/18 ewes that had increased peripheral plasma progesterone concentrations for 1-5 days (11 ewes) or 9-14 days (4 ewes). The concentrations of progesterone found were always lower than those observed during the normal cycle. In the breeding season 10/11 ewes ovulated but there was no evidence that the induced CL were maintained.
Introduction
Since Gn-RH was synthesized by Matsuo, Arimura, Nair & Schally (1971) , and shown to have the same biological activity as natural Gn-RH (Schally, Redding, Matsuo & Arimura, 1972) , it has been used to bring about ovulation in many species, including sheep (Reeves et al, 1972) . A single injection of Gn-RH releases both LH and FSH (Reeves et al, 1972; Nillius & Wide, 1972; Kaltenbach et al, 1974) . There are, however, considerable increases in the release of both hormones when a prolonged intravenous infusion is carried out (Arimura, Debeljuk & Schally, 1972; Debeljuk, Arimura & Schally, 1973) . During the oestrous cycle of the ewe there are phases of follicular growth from Days 6 to 9 and 13 to 15 (Smeaton & Robertson, 1971 ), but the follicles regress before maturing. In the anoestrous ewe, Cole & Miller (1935) deduced from changes in the vaginal smear that early and late in the anoestrous season ewes exhibited a semi-cyclic pattern in ovarian activity. Further¬ more, Hammond (1944) and Robinson (1950) have shown that there are phases of continual growth and regression of follicles during anoestrus.
In the present investigation, attempts were made to stimulate the growth of follicles during the anoestrous season by administering Gn-RH on 2 consecutive days and then to bring about ovulation of the matured follicles on the 3rd day of treatment. In the cyclic ewe, attempts were made with Gn-RH to induce multiple ovulation of those follicles which are present from Days 6 to 9 and 11 to 13 but which normally regress.
Materials and Methods

Animals
Scottish Blackface ewes were used during the early (1 April-15 May), mid-(16 and late (1 July-1 September) anoestrous season 1973 and during the following breeding season (October 1973 -February 1974 Table 3 for numbers of ewes). (In the initial experiments hormone concentrations in ewes infused with saline were the same as those in untreated ewes sampled during the same period and control ewes were, therefore, not infused in later experiments. Only in the early anoestrous season were all control ewes infused with saline.)
With the exception of 7/16 control ewes, the ovaries of all animals were examined by endoscopy 40-45 hr after the end of the last infusion, using a fibre-optic system (R. Wolf, 7134 Knittlingen, West Germany). The sizes of the follicles were estimated with reference to the size of forceps used to hold the ovaries. Follicles with an estimated diameter of more than 7 mm were classified as large.
Radioimmunoassay of hormones
Oestrogens. Total oestrogens were measured by a radioimmunoassay procedure similar to that of Hotchkiss, Atkinson & Knobil (1971) . Diethyl ether (4-0 ml) was used to extract total oestrogens from plasma samples (2-0-4-0 ml), and the radioimmunoassay set up in a total volume of 0-2 ml.
This consisted of 01 ml [2,4,6,7-3H] d/min and 0-1 ml total oestrogen antiserum (batch SLC10-C) at 1:4000 dilution with 0-1 m phosphatebuffered saline, pH 7-0, containing 01 % gelatine (PBSG). The system was incubated overnight at 4°C, after which 1-0 ml of a suspension containing 00025% dextran T.40 with 0-25% Norit A charcoal in PBSG was added to separate free from bound fractions. The dextran-coated charcoal was allowed to react in the assay for 10 min before centrifugation and scintillation counting of the bound fraction.
The cross-reactivity of the total oestrogen antiserum was 80 % for oestrone and 10 % for oestriol when oestradiol-17ß was 100%.
The efficiency of the extraction procedure was measured by the recovery of labelled oestradiol-17ß from different volumes of plasma from a castrated ram. The mean (+S.D.) % recoveries were 84-7+10-7 (no. of observations, «=52) from 2-0 ml ; 84-2±9-2 («=54) from 3-0 ml and 84-5±9-7 («=66) from 4-0 ml. When 20-100 pg oestradiol-17ß were added to plasma, the measured amounts were closely related to those added giving a correlation coefficient of +0-998. From the standard curve for oestradiol-17ß (5-150 pg) the limit of sensitivity of the assay was found to be less than 20 pg/assay tube. However, based on the value for the water blank ±2 S.D. (5-78±902; «=18) the limit of sensitivity was considered to be 14-80 pg/assay tube, i.e. 3-7 pg/ml plasma. When total oestrogens were assayed using 20, 3-0 or 4-0 ml of the same plasma there was no significant difference in the measured concentration of oestrogen.
The intra-and inter-assay variation was determined by the method of Rodbard (1971) . The inter-assay variation for the same duplicate plasma samples in 10 consecutive assays gave F ratios which, with the exception of one assay, were not significant. The intra-assay variation was expressed as the coefficient of variance measured for duplicate samples having concentrations within 5 ranges between 5 and 150 pg, and was 5-8-9-9 %.
Progesterone. A double-antibody technique was used to separate free from bound moieties. Plasma samples (0 5-0-5 ml) were extracted once with 2-0 ml hexane (b.p. 67-70°C). The standard curve was set up with each tube containing the dried residues of 2 ml hexane and 0-1 ml standard solutions containing 0, 20, 50, 100, 200, 300, 400 or 500 pg progesterone. Progesterone antiserum diluted to 1:5000 in 0-1 ml 01 m phosphate-buffered saline at pH 7-0 (PBS), containing 003 methylenediamine tetra-acetic acid and 0-1 % normal rabbit serum, was added to all standard curve and sample tubes, except non-specific binding tubes which received 01 ml vehicle alone, and the tubes were incubated for 30 min at room temperature. Radioactive progesterone ([2,4,6,7-3H]-progesterone, sp. act. 100 Ci/mmol), 12,000 d/min in 0-1 ml PBS, was added to all tubes and to 'total radioactivity' scintillation vials and the tubes were incubated for a further 2 hr at room temperature.
Anti-rabbit gamma globulin (0-1 ml) raised in goats and used at a dilution of 1:45 in PBS was added and the incubation continued for 24 hr at 4°C. The supernatant, obtained after centrifugation of the tubes at 1500 g for 10 min, was discarded and the precipitate was dissolved in 0-2 ml 0-1 N-NaOH and transferred to vials for counting using a toluene-based scintillation mixture.
In each assay, plasma samples containing radioactive progesterone were included to assess the efficiency of the extraction procedure and the corrections for losses were then applied to other samples in the assay.
Quality control samples of plasma having a low progesterone concentration, and plasma with added progesterone, were also included in the assays. The progesterone concentration in samples was calculated from readings taken from the standard curve plots of ct/min bound versus log dose.
The cross-reactivity of the progesterone antiserum, which was raised in rabbit against a conjugate of 11 ß-hydroxyprogesterone with bovine serum albumin, was from 1 to 1-3% with 21-hydroxyprogesterone, 17a-hydroxyprogesterone and 11-deoxycorticosterone, and less than 1% with 20a-and 20ß-dihydroprogesterone.
The mean (+S.D.) % recoveries of radioactive progesterone added to different volumes of plasma from a castrated ram were 81-3+8-8 («=46) from 005 ml; 79-6±8-5 («=67) from 0-1 ml; 67-3±12-l («=14) from 0-2 ml; and 71-1+10-8 («=105) from 0-5 ml and were not significantly different from each other.
When various amounts of progesterone (20-300 pg) were added to plasma the correlation coefficient between progesterone added and that measured was +0-998. From the standard curve for progesterone (for 20-500 pg) the limit of sensitivity of the assay was found to be less than 20 pg/assay tube, but the water blank ±2 S.D. was 7-54+13-74 («=15) and the sensitivity was con¬ sidered to be 21-28 pg/assay tube, equivalent to 42-56 pg/ml plasma. When 0-1-0-5 ml plasma was used in the assay, values for progesterone concentration were not significantly different from each other.
A measure of the reproducibility and precision of the assay was obtained from the variance between and within assays. The inter-assay variance calculated from the standard curve indicated the need to reject 2/8 assays. The intra-assay coefficient of variance was between 2-8 and 5-0% (mean 4-1 %) in 10 consecutive assays. The inter-assay variance for duplicate samples measured in 9 assays showed the need to reject one assay. The intra-assay coefficient of variance for duplicate samples within different ranges of progesterone concentration was between 6-5 and 16-5% (mean 7-75%).
The LH assay was carried out as described by Scaramuzzi, Caldwell & Moor (1970) , with ovine LH (LER-1056-C2) being used for iodination and ovine LH (NIH-LH-S18) as the standard. Thus ovine plasma LH concentrations from this study are expressed in terms of N1H-LH-S18. The anti-serum to ovine LH was raised in rabbits in this laboratory and used at a dilution of 1:50,000 which bound 48 % of the iodinated hormone. The % binding with 0-5 ng/assay tube was significantly different from that with 0-7 ng/assay tube. The limit of sensitivity of the assay was therefore taken as 0-7 ng/assay tube (i.e. 1-75 ng/ml). When 5-100 ng LH were added to plasma the correlation coefficient between LH added and that measured was +0-999. The inter-assay coefficient of variance calculated from the standard curve in 10 assays indicated the need to reject two. The intra-assay coefficient of variance for the standard curve was between 2-7 and 60% (mean 4-1 %) in 10 consecu¬ tive assays. The intra-assay variance from duplicate samples measured in six assays was between 10-8 and 17-1 % (mean 13-7%).
Results
In the pilot experiment ( 2  26  10  250  10  19  34  20  260  20  46  21  30  270  12  32  18  40  280  12  23  20  50  290  24  25  16  60  300  16  33  15  70  310  20  24  13  80  330  21  32  10  90  360  28  25  12  120  420  13  18  3  180  4  15 lower (P<0-005) than that observed in the normal cycle (138-8+83-4 ng/ml, 8 ewes). The peak LH concentrations as a result of Gn-RH infusion in the anoestrous ewes were similar in magnitude to the release during the normal oestrous cycle. At all times when infusions were carried out, controls infused with saline had a very low concentration of LH (<l-8 ng/ml) which was similar to the values for ewes that were not infused.
The changes in LH concentration in ewes infused with Gn-RH on Days 6, 7 and 8 or Days 11, 12 and 13 of the cycle were similar to those shown in Table 2 . Small transient increases above the normal progesterone concentration were seen on each day of infusion and at the end of the last infusion period the progesterone concentration reverted to that of the normal cycle. Of 11 ewes infused with Gn-RH, endoscopy showed that 10 had ovulated. Regardless of the time of the cycle . M. Shareha et al. During the infusion of Gn-RH to ewes at different stages of the anoestrous season there was no change in progesterone concentrations, which ranged from 004 to 012 ng/ml, but after the infusion 15/18 ewes showed increases in progesterone concentrations and in all of these an induced CL or a mature follicle had been observed at endoscopy. Eleven ewes had slight but significant (P<0-001) increases in progesterone (0-1-0-8 ng/ml) for 1-5 days after the end of infusion, and 5 of the 11 had a new CL. High concentrations of progesterone were evident in 4 of the 15 ewes for an extended period of time. During early anoestrus the induced CL which were present in 2 ewes, were maintained for 9-10 days (2-3 days less than in the normal cycle) ; however, the peak progesterone concentrations (2-3 and 4-3 ng/ml) were considerably less than those observed in the normal cycle (5-2 and 70 ng/ml).
Plasma samples taken at least 16 hr before infusion contained high concentrations of oestrogen (18 and 28 pg/ml). In 2 ewes infused during late anoestrus, progesterone concentrations were elevated for the normal length of time, reaching peaks of 4-0 and 5-5 ng/ml. In one of the ewes infused during late anoestrus, the LH peak was considerably less than that found in the same animal at oestrus and when it was infused at other times during anoestrus. In one of the control ewes in late anoestrus, spontaneous ovulation had taken place and two CL were seen at endoscopy. Although the pro¬ gesterone concentration was elevated, it was lower than in a normal cycle. Before saline infusion, LH concentrations were higher than baseline but decreasing, as at the end of an LH surge. Three other control ewes had low concentrations of progesterone and LH at this time. The findings of the endoscopie examinations are shown in Table 3 . Treatment with Gn-RH resulted in the appearance of more large follicles and ovulation.
Discussion
Reeves, Arimura & Schally (1970) obtained maximum LH concentrations in cyclic ewes following a single injection of 3 µg Gn-RH, but these increases were far below preovulatory LH levels pre¬ viously reported (Goding et al, 1969 ; Niswender, Reichert, Midgley & Nalbandov, 1969) . Although, in the present study, a single injection of Gn-RH released only small amounts of LH and failed to induce ovulation, infusion of the same dose of Gn-RH resulted in a surge of LH similar to that found in the normal cycle, caused ovulation and was used therefore in all subsequent experiments.
Continuous infusion with lower doses (Cumming et al, 1972 ) might have achieved similar results but there is evidence of poor responses to low doses of Gn-RH (Chakraborty & Reeves, 1973; Symons, Cunningham & Saba, 1974 (1972) were able to reduce the LH response to similar low doses of Gn-RH. In both these experiments, however, Gn-RH was given by continuous infusion which would provide continuous stimulation of the pituitary and thus might be capable of overcoming any suppressive effect of progesterone.
The lack of a direct relationship of Gn-RH release with LH release (Nett, Akbar & Niswender, 1974; Foster, Holland, Jeffcoate & Crighton, 1974) and the stimulation by oestrogens of LH release (Radford, Wheatley & Wallace, 1969; Jonas et al, 1973) would indicate a role for steroid hormones acting in concert with Gn-RH to modulate gonadotrophin release. Thus a more likely explanation for the reduced response to Gn-RH during the luteal phase is the absence of the oestrogen surge since it has been shown also that oestrogen enhances the response to Gn-RH (Reeves, Arimua & Schally, 1971) . The absence of oestrogen would also account for the lack of oestrous behaviour in all the ewes in the treatment groups.
Since all ewes infused with Gn-RH had LH peaks of shorter duration than those associated with a spontaneous oestrus, this may be one factor contributing to the low rate of ovulation in anoestrus, but the high ovulation rate in the breeding season, despite the shorter LH peak, indicates the probable role of the hormonal background in ovulation. The lack of a suitable balance of steroids in the ewe in anoestrus may therefore be a second, and major, factor leading to the low ovulation rate.
The similarity in the magnitude of LH response to Gn-RH at different times of the anoestrous season is in agreement with work of Reeves, Tarnavsky & Chakraborty (1974) . Since the amount of LH in the pituitary is similar in anoestrus to that just before oestrus (Roche, Foster, Karsch, Cook & Dziuk, 1970) , and the LH release at oestrus is similar to that released in anoestrus by Gn-RH, the relatively low level of LH released in the normal anoestrous ewe cannot be attributed to either a pituitary deficiency of LH or an inability to release the hormone.
The ovulation response during anoestrus was similar to that found by Domanski & Kochman (1968) Walton, Cunningham, Temple & Bowman, 1974) . Another ewe, infused with Gn-RH, apparently ovulated spontaneously, since the progesterone concentration was elevated for a period equal to the normal luteal phase and LH was elevated before infusion. The small number of large follicles found at endoscopy after a 1-day treatment and during early and late anoestrus was to be expected since the majority of mature follicles would have ovulated. The large follicles seen after a 3-day treatment period had probably grown as a result of gonadotrophin released during the 2nd and 3rd day infusions. Follicular growth as a result of Gn-RH treatment was not associated with increases in the secretion of oestrogen in either the breeding or anoestrous seasons.
Although endoscopy revealed that 10/11 ewes had ovulated during the breeding season as a result of Gn-RH infusion, there was no evidence that the CL were functional (Lamond, Gaddy & Kennedy, 1972) . The transient release of progesterone which occurred during each Gn-RH infusion has previously been described by Baird & Collett (1973) during infusion of a large dose of LH or HCG to a ewe with an auto-transplanted ovary containing a CL. According to Bedford, Harrison & Heap (1972) , there is an increased metabolic clearance rate for progesterone in the anoestrus of lactation, when compared with the breeding season. If the metabolic clearance rate is also high during seasonal anoestrus, then the concentrations of progesterone in the present study may not indicate rates of production.
All the animals which ovulated after Gn-RH infusion in the anoestrous season had lower progesterone concentrations than those found in a normal cycle and, in 11/15, progesterone concen¬ tration was elevated for only a short time, suggesting a lack of normal luteal function, as has been described by following single injections of Gn-RH.
The results of this study indicate the need for further investigation, both histological and bio¬ chemical, into the nature of the CL induced as a result of administration of Gn-RH and into factors influencing CL maintenance.
